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Summary
Objectives: To develop a graph of semi-quantitative Biolfa® olfactory test data and to assess a
method of mathematical measurement of the gap between odor perception and identiﬁcation
thresholds.
Patients and methods: The semi-quantitative Biolfa® olfaction test comprises eight smells,
each diluted in four increasing concentrations. Perception and identiﬁcation threshold data for
158 patients was displayed in a radar-like diagram. The gap between odor perception thresh-
old and odor identiﬁcation threshold was quantiﬁed as the area between the perception and
identiﬁcation threshold curves.
Results: The gap calculated between odor perception and identiﬁcation thresholds differen-
tiated between etiologic origins of olfactory disorders. In cm2, the gap ranged from 0 to
82.73 cm2. Low values indicated a peripheral origin, and high values a central origin for olfac-
tory disorders (p > 0.05). On the other hand, no olfactory proﬁle speciﬁc to each of the main
etiologies responsible for olfactory disorder was found to exist.
Conclusion: This radar-like graphic display of semi-quantitative Biolfa® olfactory test data is a
simple means of providing an overall view of the data. Studying the gap between perception
and identiﬁcation thresholds for smells is relevant for diagnosis of central olfactory disorders.
© 2010 Elsevier Masson SAS. All rights reserved.∗ Corresponding author. Tel.: +00 33 0 684 79 64 03.
E-mail address: laurentdelahaye@yahoo.fr (L. Delahaye).
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oi:10.1016/j.anorl.2010.07.004ntroductionhe 2004 Nobel Prize for Medicine rewarded the work of
ichard Axel and Linda Buck on olfactory physiology and its
olecular substrate [1], which shed light on olfaction recep-
or functioning and signal encoding. The relation between
hinology and neurology, however, has been known since
served.
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1987, when Doty et al. described olfactory disorder in
Alzheimer’s disease, opening the way for research on olfac-
tion in the exploration of neurodegenerative disease [2].
Clinical and molecular research has led to the
development of many olfactometric tests enabling sub-
jective assessment of olfaction. The Scandinavian Odor
Identiﬁcation Test (SOIT), published by Nordin et al. in 1998
[3] concerns identiﬁcation of 16 odors. In 1997, Hummel et
al. developed the American ‘‘Snifﬁn’ Sticks’’ test, which
determines the perception threshold for n-butanol and
discrimination capacity and identiﬁcation thresholds for 16
odors [4]. These tests are, however, limited by the inﬂuence
of cultural factors.
In 1998, a simple-to-use European olfactometric test
came onto the market: Biolfa® (Biodigital Amplifon, Paris). It
comprises a quantitative test (three odors at many different
dilutions) and a semi-quantitative test (eight odors with
dilutions and identiﬁcation test). Normal values on the test
were determined in 2002 by Lecanu et al. [5], who in 2004
published olfactometric ﬁndings in olfactory disorder [6].
Routine use of the test in rhinologic consultation has
disclosed one particular patient proﬁle. Certain patients
experience difﬁculty in odor identiﬁcation despite good
perception. Olfactory signal transduction appears to be
satisfactory. The trouble is with identiﬁcation: the patient
is unable to compare an olfactory stimulus to previous ones
already memorized. This ‘‘odor identiﬁcation disorder’’
may thus reﬂect central olfactory pathway involvement.
The present study developed a graphic representation of
results on the semi-quantitative Biolfa test, and sought to
quantify the gap between the thresholds of perception and
of identiﬁcation according to the etiology of the olfactory
disorder.
Patients and methods
This single-center retrospective study compared 131
patients referred for olfactory disorder to the Brest Uni-
versity Hospital ENT Department between April 2006 and
June 2008 (group A) and a control group of 27 medical
students free of olfactory disorder (group B). Each patient
and control subject underwent complete ENT assessment,
comprising nasal fossa exploration by ﬂexible endoscope
and olfaction assessment on the semi-quantitative Biolfa®
olfactometric test.
Group A patients testing positive for olfactory disorder
were classiﬁed as hyposmic or as anosmic. Etiology was
diagnosed on the basis of the patient interview, clinical
check-up and any complementary examinations (CT or MRI).
Group A patients testing normal (false dysosmic) were
excluded.
The synthetic odors employed in the semi-quantitative
Biolfa® olfactometric test are: peach (odor E, Aldehyde
C14), vanilla (odor F, Vanillin), cloves (odor G, Eugenol),
mint (odor H, L carvone), mushroom (odor I, 1-octene-3ol),
grass (odor J, cis3hexenol), citronella (odor K, Citronellal),
and horse dung (odor L, Para-cresyl acetate). They are
presented at four concentrations. Level 1, the weakest,
consists of an arbitrary unit depending on the volatility and
odorous power of the substance. Concentrations 2 and 3
are higher, and concentration 4 is the highest for each odor.
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erception threshold
lfactory perception thresholds were determined for each
dor by the increasing stimulus method. The ﬁrst concentra-
ion inducing perception deﬁned the olfactory perception
hreshold for the odor in question. If no concentration
nduced perception, the patient was considered anosmic
or the odor in question.
A latency interval of 1min was required between odor
resentations.
dentiﬁcation threshold
he olfactory identiﬁcation threshold was determined
tarting from the perception threshold. Four possible
isual identiﬁcations were presented. If identiﬁcation was
orrect, the identiﬁcation threshold coincided with the
erception threshold. If the four visual suggestions did not
ead to identiﬁcation or if the identiﬁcation was false, the
ncreasing stimulus method was implemented, and the low-
st concentration at which the odor was correctly identiﬁed
onstituted its identiﬁcation threshold. If no identiﬁcation
as obtained even at the highest concentration, the patient
as considered not to recognize the odor in question.
raphic representation
he graphic representation of the semi-quantitative
lfactometric test was inspired by a radar-like diagram
sed by Bonﬁls et al. [5]. On each axis there lay an odor.
he ﬁrst test odor was shown on the upper vertical axis,
nd the following odors clockwise on the following axes in
he order of performance of the test (E, F, G, H, I, J, K,
). On each axis, the perception threshold was represented
y a green dot situated according to a scale of 1 cm per
tepwise concentration (E1 at 1 cm on axis E, E2 at 2 cm on
xis E, E3 at 3 cm on axis E and E4 at 4 cm on axis E).
On each axis, the identiﬁcation threshold was likewise
hown by a red dot.
Patients having no perception or no identiﬁcation were
ncluded by setting their ‘‘threshold’’ value at an arbitrary
istance of 5.5 cm from the center on each axis.
The perception curve, in green, was traced through the
erception threshold dots, and the identiﬁcation curve, in
ed, through the identiﬁcation threshold dots.
emi-quantitative measurement of the
‘perception/identiﬁcation’’ threshold gap
or each patient, the mismatch between the thresholds
or perception and identiﬁcation of all of the odors (per-
eption/identiﬁcation threshold gap: PITG) was calculated
s the area between the perception and identiﬁcation
urves on the graph.The area under the identiﬁcation curve
as calculated as the sum of eight right-angled triangles
Fig. 1). The area between the center-point of the graph,
he identiﬁcation threshold point for odor F and the iden-
iﬁcation threshold point for odor G was calculated by the
132 L. Delahaye et al.
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migure 1 Calculation of area under the curve for perception an
hreshold for odor F; IdG: identiﬁcation threshold for odor G.
ythagorean theorem:
rea OFG = 0.5 × IdG ×
√(
0.5 × IdF 2)
dG: identiﬁcation threshold for odor G; IdF: identiﬁcation
hreshold for odor F
The area under the perception curve was calcu-
ated in the same way, using the perception threshold
oints.
PITG, the perception/identiﬁcation threshold gap, was
he difference between these two areas, expressed in cm2
nd lying between 0 and 82.73 cm2 (the latter case being
s
n
o
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Table 1 Patient data per olfactory disorder etiology.
Diagnosis n % Male Female
SNPa 29 24 16 13
Postrhinitis 28 23.14 12 16
Posttraumatic 23 19.01 8 15
Idiopathic 18 14.88 3 15
Identiﬁcation defect 5 4.13 2 3
Septal deviation 4 3.31 1 3
Allergy 3 2.48 1 2
ENT iatrogenesis 3 2.48 0 3
Bulb agenesis 2 1.65 1 1
Inﬂammation 2 1.65 1 1
Parkinson’s 1 0.83 1 0
Aspergillosis 1 0.83 1 0
Schizophrenia 1 0.83 0 1
GERb 1 0.83 0 1
Total 121 100 47 74
a Sinonasal polyposis.
b Gastro-esophageal reﬂux.ntiﬁcation, using the theorem of Pythagoras. IdF: identiﬁcation
hat in which the perception threshold was 1 for all odors
nd no identiﬁcations were made).
esults
roup A comprised 131 patients: 83 female and 48 male;
ean age, 57 years (SD, 14.2 yrs). The patients mainly pre-ented with hyposmia (58%), or anosmia (34%); 8% showed
o olfactory disorder on the test, and were excluded.
The control group comprised 27 medical students free of
lfactory disorder: 17 female, 10 male; mean age, 23 years
SD, 1.1 yr).
Mean Patients
Age (years) SD Hyposmic Anosmic
57.5 10.7 18 11
64.0 9.66 20 8
47.9 14.8 13 10
57.7 13.4 10 8
73 8.1 5 0
47.25 17.2 3 1
73 4.4 3 0
56.3 15.0 1 2
33 19.8 0 2
57.5 7.78 1 1
60 1 0
44 1 0
62 1
64 1
78 43
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Table 2 Medians and standard deviations of odor perception and identiﬁcation thresholds according to olfactory disorder
etiology.
Postrhinitis Sinonasal polyposis Posttraumatic
Perception Identiﬁcation Perception Identiﬁcation Perception Identiﬁcation
E 1 (2.05) 1 (2.30) 1 (1.24) 2.5 (2.20) 1 (2.26) 5.5 (2.08)
F 2 (2.03) 2.5 (2.03) 1.5 (1.72) 2 (1.97) 2 (2.04) 5.5 (1.70)
G 1 (2.17) 5.5 (2.08) 1 (1.58) 1 (1.88) 1 (2.26) 5.5 (1.35)
H 1 (1.82) 2.5 (1.93) 1 (1.57) 1 (1.88) 1 (1.80) 3 (1.93)
I 2 (1.88) 5.5 (1.98) 1 (1.62) 2 (1.81) 1 (2.01) 5.5 (2.08)
J 1.5 (2.04) 5.5 (2.14) 1 (1.79) 2 (2.05) 1 (2.26) 5.5 (1.71)
K 2 (1.63) 2 (2.01) 1 (1.93) 2.5 (2.08) 1 (1.57) 3 (1.90)
L 1.5 (2.01) 5.5 (1.91) 1 (1.90) 3 (1.98) 1 (1.91) 4.75 (1.79)
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Median (SD); E (peach, Aldehyde C14); F (vanilla, Vanillin); G (c
(grass, cis3hexenol); K (citronella, Citronellal); L (horse dung, Par
1. Group A
a. Etiologies
The main etiologies underlying olfactory disorders were
sinonasal polyposis (24%) and postrhinitic, posttraumatic or
idiopathic hyposmia (Table 1). Other implicated etiologies
were less frequent.
Five patients presented with ‘‘identiﬁcation disorder’’,
deﬁned as good odor perception but failure of identiﬁcation.
In four of these cases, a problem of odor molecule access
to the olfactory septum, known as septal deviation, was
implicated. The ﬁfth case involved gastroesophageal reﬂux
resistant to medical management, associated with hiatus
hernia.
b. Anosmic patients
The proportion of anosmic patients for the main etiologies
was as follows: 38% of anosmia in sinonasal polyposis, 29%
in postrhinitis, and 43% in posttraumatic (p > 0.05).
c. Hyposmic patients
Odor perception and identiﬁcation thresholds according to
etiology. Median perception and identiﬁcation thresholds
per odor and per etiology were calculated and are shown in
Table 2. Median perception thresholds in sinonasal polyposis
lay between 1 and 1.5, depending on the odor, with standard
deviations of between 1.57 and 1.90, and median identiﬁca-
tion thresholds between 1 and 3, with standard deviations
of between 1.81 and 2.20. The results for postrhinitic and
posttraumatic hyposmia are shown in Table 2.
These results describe olfactometric proﬁles according
to olfactory disorder etiology. The median perception and
identiﬁcation threshold values were plotted on a radar-like
graph for each of the main etiologies: sinonasal polyposis
and postrhinitic and posttraumatic hyposmia (Fig. 2). The
green curve represents perception thresholds, and the red
curve identiﬁcation thresholds.
Measurement of PITG (perception/identiﬁcation threshold
gap). PITG was calculated from the olfactometric proﬁles
of the various dysosmia etiologies. It assesses the discor-
dance between perception and identiﬁcation thresholds
according to olfactory disorder etiology.
T
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, Eugenol); H (mint, L carvone); I (mushroom, 1-octene-3ol); J
syl acetate).
In postrhinitis hyposmia, PITG was 29.70 cm2; in sinonasal
olyposis hyposmia, 8.84 cm2; and in posttraumatic
yposmia, 38.36 cm2.
. Group B
o control subjects declared any olfactory disorder on
xamination; all clinical and endoscopic ﬁndings were
ormal. No control subjects were excluded.
Perception thresholds were good: all odors were per-
eived at the lowest concentration, except for odor F in
ne subject.
Identiﬁcation thresholds were likewise good: all odors
ere easily identiﬁed even at the lowest concentration,
ith the exception of odor E (Table 3).
PITG as calculated from the median perception and iden-
iﬁcation thresholds was thus 0 cm2.
iscussion
he present study conﬁrmed the role of the four main etiolo-
ies in olfactory disorder: sinonasal polyposis, postrhinitis,
osttraumatic and idiopathic disorder. It deﬁned a new
ntity, the gap between odor perception and identiﬁcation
hresholds (PITG) as measured on a graphic representation
f results on the semi-quantitative Biolfa® olfactometric
est.
Exploration in the olfactory modality runs up against
everal difﬁculties. There is no consensual objective olfac-
ory measurement technique for day-to-day use. Moreover,
lfactory stimuli are hard to standardize, as olfactory signal
nterpretation is subjective and inﬂuenced by both cultural
nd individual factors (e.g., previous exposure).
tiologyable 4 shows the etiologies of olfactory disorder in Group A.
esults agree overall with those of two previous large-scale
tudies: Bonﬁls et al. [5] and Temmel et al. [7].
The rate of posttraumatic hyposmia found in the present
tudy, however, was higher than that reported by Bonﬁls et
134 L. Delahaye et al.
Figure 2 Olfactometric proﬁles for postrhinitis hyposmia, hyposmia secondary to sinonasal polyposis and posttraumatic hyposmia
( : Standard deviation of perception thresholds; : Standard deviation of identiﬁcation thresholds).
Table 3 Perception and identiﬁcation thresholds in the normonosmic control group.
E F G H I J K L
Median perception 1 1 1 1 1 1 1 1
SD 0 0.19 0 0 0 0 0 0
Median identiﬁcation 1 1 1 1 1 1 1 1
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fSD 1.01 0.59 0.
E (peach, Aldehyde C14); F (vanilla, Vanillin); G (cloves, Eugenol); H
K (citronella, Citronellal); L (horse dung, Para-cresyl acetate).
l. (p = 0.005), and the rate of postrhinitis hyposmia lower
han that of Temmel et al. (p = 0.0003).raphic representation of the olfactometric test
ttributing an arbitrary value of 5.5 cm along the axis so as
o represent absence of perception or of identiﬁcation is
t
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Table 4 Main causes of olfactory disorder.
Diagnosis Brest Hospital % Bon
Postrhinitis hyposmia 23 32
Posttraumatic 19 8
Idiopathic 15 13
Sinonasal polyposis 24 24
Identiﬁcation defect 4 3
Septal deviation 3
Allergy 2
ENT iatrogenesis 2 2
Bulb agenesis 2 3
Inﬂammation 2 5
Parkinson’s 1
Aspergillosis 1
Psychiatric 1
GER 1
Toxic 3
Other 7
Total (n) 122 1550 0.58 0 0 0.27
nt, L carvone); I (mushroom, 1-octene-3ol); J (grass, cis3hexenol);
roblematic. In theory, the corresponding points should lie
t inﬁnity: the arbitrary value was chosen as being remote
rom values 1, 2, 3 and 4, but close enough for the graph
o remain homogeneous. Attributing a quantitative value
o a qualitative variable in this way makes it impossible to
alculate mean values and standard deviations; the median
s a statistical tool which allows extreme values not to be
aken into account, but that leaves us with no quantiﬁca-
ﬁls et al. (2004) [6] % Temmel et al. (2002) [7] %
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tion of scatter. The graph, however, provides a synthetic
visualization of the test results.
The graph also enables the dynamic and chronological
aspects of the test to be represented. The odors were
presented in a set order (E, F, G, H, I, J, K, then L) at an inter-
val that would normally be long enough to avoid olfactory
receptor saturation. Progressive deterioration in olfactory
performance due to (pathological) saturation can neverthe-
less be seen in the clockwise increase in the distance of the
curve from the center.
Olfactometric proﬁles
Principal component analysis of odor perception and identi-
ﬁcation thresholds according to etiology failed to reveal any
pathology-speciﬁc olfactometric proﬁles, due to excessive
scatter around the medians.
Even so, there seemed to be certain traits characterizing
pathologies, despite the small sample sizes.
The proﬁle for postrhinitis hyposmia highlighted some
discordance between odors. All odors were well perceived
(Table 2), but identiﬁcation varied more greatly. Princi-
pal component analysis failed to disclose any identiﬁcation
deﬁcit that was speciﬁc to certain odors in postrhinitis
hyposmia. In clinical practice, however, this discordance in
identiﬁcation threshold between odors seems to be charac-
teristic of postrhinitis hyposmia, and may correspond to the
stage of evolution of the rhinitis.
Hyposmic patients presenting with sinonasal polyposis
showed good overall odor perception and identiﬁcation
(Table 2). In anosmic patients, sinonasal polyposis is at an
evolved stage, with complete septal blockage; the hyposmic
patients in the present study showed a much less evolved
stage of polyposis, which explains their better olfactomet-
ric results. Here again, olfactory performance depends on
the stage of evolution of the pathology.
Patients with hyposmia secondary to head trauma showed
good perception of test odors, but poorer identiﬁcation that
the other etiologic groups (Fig. 2). One odor seemed to show
a (nonsigniﬁcant) trend for better identiﬁcation: odor H
(mint, L carvone), which is a rather ‘‘irritating’’ odor; there
may thus be some trigeminal component in identiﬁcation of
this odor.
Perception/identiﬁcation threshold gap (PITG)
The PITG parameter gives an overall quantiﬁcation of
the difference between odor perception and identiﬁcation
thresholds on the semi-quantitative Biolfa® test.
PITG itself does not differentiate between a patient who
cannot identify odor F while showing good identiﬁcation for
the other odors and another patient who cannot identify
odor K while showing good identiﬁcation for the others. Nor
does it differentiate between a patient who cannot identify
one odor at all and another patient who shows relatively
poor identiﬁcation for several odors. In interpreting PITG,
it is therefore essential to take the original olfactometric
test results into account, to know whether the olfactory
disorder is homogeneous across odors or involves impaired
identiﬁcation for certain speciﬁc odors.
q
t
q
tidentiﬁcation thresholds 135
The PITG value seems to vary according to the olfactory
isorder:
a patient presenting with complete qualitative olfactory
disorder, with good perception but total absence of iden-
tiﬁcation, will show the maximal PITG value of 82.73 cm2.
This clinical aspect is seen in central neurodegenerative
pathology;
a patient presenting with quantitative olfactory disorder
and corresponding identiﬁcation thresholds will show the
minimal PITG value of 0 cm2.
These two cases suggest that low PITG values indicate
‘‘peripheral’’ etiology, involving impaired nasal fossa air-
ow. High PITG values, on the other hand, indicate impaired
entral odor identiﬁcation.
Despite the small sample size in the present study,
esults in the various etiological groups seemed concordant.
mpaired airﬂow, due here to nasosinal polyposis (of short
volution in the present population), was associated with
he lowest PITG value (8.84 cm2).
Posttraumatic hyposmia (a nonobstructive pathology)
as characterized by homogeneous responses showing
mpaired identiﬁcation across odors. The corresponding
ITG value was high, at 38.36 cm2.
Results in the postrhinitis group were intermediate
29.70 cm2). These values must be interpreted bearing in
ind the heterogeneity in identiﬁcation between odors,
haracteristic of this pathology.
It would be interesting to study the distribution of PITG
alues according to etiology of hyposmia in a larger study
opulation, to determine whether certain ranges of values
re speciﬁc to certain etiologies.
Other interesting ﬁelds of investigation include PITG
haracteristics in olfactory pathway pathology and olfaction
n central neurologic pathology. Alzheimer’s disease could
e studied: the link between neurodegenerative pathology
nd Alzheimer’s has been known since 1987, when Doty et
l. demonstrated odor perception and identiﬁcation disor-
ers even in early Alzheimer’s [2]. Olfactory disorder was
escribed in mild cognitive impairment (MCI) by Westervelt
t al. in 2008: odor identiﬁcation was impaired indepen-
ently of MCI subtype [8]. The sensory deﬁcit was less than
n Alzheimer’s disease. PITG could be used to assess percep-
ion/identiﬁcation discrepancies in such populations.
onclusion
he present study developed a tool to synthesize data so as
etter to make use of semi-quantitative olfactometric tests.
A radar-like graph of olfactory test results is a simple
ool, easily used in routine. It did not, however, establish
tiology-speciﬁc proﬁles.
The gap between odor perception and identiﬁcation
hresholds found in central olfactory pathologies may be
uantiﬁed by this graphic representation of an olfactometric
est.
Further studies will be needed to assess the interest of
uantifying the gap between perception and identiﬁcation
hresholds (PITG) in neurologic pathologies.
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